Small Modular Reactors for Australia? 


There are proposals afoot to replace Australia’s remaining (21) coal fired power stations with Small 
Modular (Nuclear) Reactors (SMRs). What is an SMR? More accurately, what might be an SMR, given 
that at 2023 there are only about a couple of possible candidates under test? (Russia, China), though there 
are interests in the concept also in USA, UK, South Korea, India and Japan. 


Wikipedia: “Small modular reactors (SMRs) are a proposed class of nuclear fission reactors, smaller than 
conventional nuclear reactors, which can be built in one location (such as a factory), then shipped, 
commissioned, and operated at a separate site.” 

“SMRs are typically anticipated to have an electrical power output of less than 300 MWe (electric). 


First, a few terms are important to this discussion. Skip ahead to the list of reasons if you know these terms. 


Atomic structure 

Nearly everything on earth is made of atoms. They are very small; 10 millilitres of water contain about 
1,000,000,000,000,000,000,000,000 atoms! Every atom has a nucleus which carries a positive electrostatic 
charge, orbited by negatively charged electrons. The nucleus charge is caused by the protons in it, one 
charge per proton. In a neutral atom, there are as many electrons as protons — one negative charge each. 
The simplest atom is hydrogen: a nucleus of just one proton orbited by one electron. The next element is 
helium, which has two protons in the nucleus. Protons normally repel each other, so the nucleus has to 
contain some neutrons as well. In most helium atoms, the nucleus is two protons and two neutrons. 


Isotope 

In the table of all the elements, there is only one box per element. For example box 92 (uranium, symbol U) 
is for atoms with 92 protons in the nucleus. However, there can be a range of neutrons. On earth, nearly all 
uranium atoms contain 143 or 146 neutrons, and they are named by adding the number of protons and 
neutrons together, giving uranium-235 or uranium-238. They are all located on the table in the same place; 
Greek for “same place” is “isotope”. In fact there are 26 known isotopes of uranium, most of which are 
artificial and very short lived, since they are all radioactive. 


Half life 

A single radioactive atom might decay almost immediately or last till the end of time. However, for a large 
number of atoms of a particular isotope, such as uranium-235, the amount of time it takes half of them to 
decay is known as its half life. U-235: just over 700 million years; U-238 just under 4.5 billion years. 


Fissile 

An atom is fissionable if it can undergo nuclear fission (break up) when struck by a suitable neutron. 
Fission means it splits into two or more smaller atoms and some other particles, including several more 
neutrons, which can lead to a chain reaction as the newly released neutrons hit other similar atoms. U-235 
is fissile, but constitutes only 0.7% (7 parts per 1000) of natural uranium. 


Energy density 


This is the main reason for there being such interest in nuclear power: energy density. The electrical energy 
that can be released from fully burning 1 kg of coal is 8kWh, 1 kg of oil yields about 12kWh, whereas 1 kg 
of U-235 if fully fissioned could yield about 24,000,000kWh. However, one kg of raw uranium (yellow 
cake) comes from about 1000kg of ore (1 part per thousand), and about 5 parts of U-235 can be extracted 
from 1000 parts of yellow cake (it is not economical to get all 7 parts out during enrichment). Both 
technologies (extraction from the ore and enrichment) also consume power in the processes and in the 
creation of the relevant chemicals needed, and in the safe disposal of the tailings and waste U-238. 
Consequently, the argument about the energy density of U-235 based nuclear power is marginal, at best. 


But here are some of the reasons as to why the SMR proposal is inappropriate in Australia: 


Unproven 

Far too expensive 

Would take too long 

No nuclear infrastructure 
Local enrichment 

Siting issues 

Not really carbon neutral 
Mining waste 

Operational waste 

10. Efficiency 

11. Greatly inferior to renewables 
12. Unsustainable 

13. Terrorist and nuclear weapons proliferation risks 
14. Use of depleted uranium 

15. Baseload 

16. AUKUS 


OO) SS OT es 9 Se 


- 


Unproven 

The average coal-fired power station in Australia provides about 1GW electrical. Thus replacing about 21 
such stations with SMRs would require some 70+ units. It is likely that any opportunity to order such a 
quantity from a manufacturer will not occur for some years, if ever. 


Far too expensive 

Some estimates have placed the SMR cost per kW at about $18,000 (all $s are AU). If correct, some 70 
SMRs offering 300MW would require a spend of about $378B. Some estimates put solar at $2,000/kW and 
wind at $1,000/kW. 


Would take too long 

All the world is now seeing the results of global warming from burning fossil fuels, and needs to abandon 
them as soon as possible. It would probably take some 5 years or so to install the first SMR, and perhaps a 
decade or more till the last. It is all too slow. 


No nuclear infrastructure 
The use of nuclear power requires careful federal government regulation. There are no such arrangements, 
particularly given the laws against any nuclear power, though that law in itself is not a serious impediment. 


There is an insufficient population of experienced technical staff. Any major increase in SMR use world 
wide would mitigate against Australia acquiring such staff easily. They would mostly need to be home 
trained, a process that would probably require about 5 years, always assuming that there are already enough 
trainers to train them. There are not. 


Local enrichment 
Nearly all reactors require U-235 to be raised from the natural 0.7% to about 5%. Australia now processes 
its uranium (for sale overseas) only to yellow cake level. Would it begin to undertake enrichment? 


Sometimes people remark that Australia should take greater advantage of its uranium resources by 
performing enrichment locally. A commercial approach at present is not to do so given the world’s 
enrichment capability is high enough to satisfy demand, and high capital is needed by such a plant. 


Siting issues 
There has been talk of ‘simply’ replacing coal fired power stations by SMRs. It is most unlikely that 
existing sites would be acceptable, though in some cases there might be enough suitable land nearby, 


assuming that any additional cooling requirements could be met, and of course local acceptability, which is 
far from a given. (Not In My Back Yard). 
Transition frequently requires a replacement is operational before the obsoleted item is decommissioned. 


Not really carbon neutral 
It is true that once a nuclear power station has been built and fuelled it does not emit carbon dioxide. 
However, there are two cycles to consider that do emit CO2: 


* Creation and eventual removal of the reactor (steel, concrete, diesel) 
¢ Acquisition and processing of the fuel and consequent wastes (diesel, chemicals, processing) 


Mining waste 

If conventional underground or open-cast uranium mining is used, there are large amounts of tailings to care 
for, given a typical ratio of uranium to spoil of 1 part per 1000. Despite having the uranium removed, the 
tailings still emit radioactive pollution such as radon gas or leachable materials. Such tailings may need to 
be kept indefinitely in ponds, sealed to the ground and covered by several metres of water. 


Operational waste 

After fuel rods have been in service for perhaps a year or three, they must be replaced, since their U-235 has 
dropped from 5% to about 1%, which is degraded by fission products which absorb neutrons and thus 
prevent further fission. Such waste also contains plutonium (perhaps 1% Pu239) which ensures 
radioactivity for at least hundreds of thousands of years, given that the Pu239 half life is ~25,000 years. 


Efficiency 

There is probably as yet no hard data on how efficient an SMR might be compared to a conventional reactor. 
However, given that the latter are usually supplying above 1GW it is probable that an SMR supplying about 
300MW might not be running as efficiently. There may be some marine reactor data, but it might be secret. 

Anyway, the efficiency of a military reactor is not the main concern. 


Greatly inferior to renewables 

Sunlight in Australia probably averages (24x365) at least 200W/sqM. (The summer midday figure is about 
1000W/sqM.). The country has 7.69 MsqKm, so just 1% of that receives approx 15,000 GW. 

So 1% of Australia receives about 300 times as much energy as the electricity presently generated (SOGW). 


Unsustainable 

It is now recognised humanity needs to move to a circular economy, that is, all non-renewables must be 
looked after and never thrown away. For example, in today’s moves towards solar power, wind turbines and 
electric vehicles, copper is a key element. We need to ensure that all copper in any otherwise waste material 
(IT goods, dead motors, demolished houses) is recovered. 


Nuclear power involves the total destruction of uranium atoms, thus generating energy (E=mc’). It is 
therefore by definition non circular, and thus unsustainable in the long term. How long? Some estimates 
suggest there is enough uranium to sustain the present methods of nuclear power at its current level for 
about another century. Is that all we hope for the continued lifetime of humanity? 


Terrorist and nuclear weapons proliferation risks 

Every use of nuclear power includes risks of terrorist acquiring nuclear materials for use in attacks, which 
might render parts of the world almost permanently unusable. That does not have to be by making a nuclear 
bomb; it can simply be by using conventional explosives to spread radioactive material. Production of 
enriched uranium carries the risk of proliferation of nuclear weapons. 


Use of depleted uranium 
The enrichment process produces uranium which is richer (than natural uranium) in U-235. Depending on 
the use planned, it would for SMRs be about 5%. 


The uranium rejected by this process is approx 99.8% U-238 and is known as depleted uranium (DU). DU 
has few uses, so is cheap. One use is to form the tip of artillery shells intended to wreck enemy tanks. 
Uranium is an exceptionally strong and dense metal, which readily pierces tank armour, and thanks to the 
heating effect of the hit, catches fire on entry to the tank, destroying it and everyone inside. 


Baseload 

The baseload is the minimum level of demand on an electrical grid over time. This demand can be met by 
unvarying power plants (such as coal or nuclear) or by enough intermittent energy sources, such as hydro 
and batteries, which can be turned up or down quickly. 


"How are you going to provide baseload" is one slogan from opponents of shutting down coal fired power 
or advocates of nuclear power plants. Neither technology can rapidly change production to meet demand. 


Given its history of inflexible coal fired power, Australia has for a long time priced off-peak (presently night 
time) power much more cheaply than standard electricity. This is aimed particularly at those storing 
household hot water by heating it from about midnight till dawn. It is a way of tailoring demand to match 
inflexible generation capability. Pricing in the era of renewables may well change, removing off-peak 
pricing or even moving it to day time, when solar is most effective. 


Storage of electricity itself is not possible. It is necessary to store the ability to generate electricity "for 
when the wind does not blow and the sun does not shine". Analogy: we do not shower only when it rains! 


Reverse hydro is an excellent example. When there is an excess of renewable energy, pump water back up 
hill, and release it later through the turbines to meet demand. The efficiency is surprisingly high, typically 
over 70%, and is economically attractive given that the fuel cost of solar and wind is zero. 


Batteries can also provide extra electricity to meet demand almost instantly. This has the double advantage 
of meeting unexpected demand and maintaining grid frequency (50Hz in Australia). It does however take 
very large scale batteries continuously to supply power for a length of time. Given the lifetime expectancy 
of lithium batteries, which wear out with many charge and discharge cycles, we may see greater use of 
vanadium-based redox flow batteries. Compared to lithium ion batteries, they may have lower power output 
and energy density, but are superior in that their core components do not degrade and are easier to recycle. 
Some solar plants can store heat, such as molten salts, from which electricity can be generated on demand. 


AUKUS 


Australia’s plans to acquire nuclear powered submarines might seem to some to provide arguments for land- 
based SMRs. The two issues are far from comparable: 


Proven: submarine nuclear power units (decades) 
Unproven: SMRs 


Quantity: about 8-10 submarines, whereas replacing all Australia’s present land-based electricity generation 
(~50GW) by SMRs (say 300MW/unit) might require some 170 SMRs. 


Enrichment: submarine nuclear power plants employ ~80% enriched uranium, whereas SMRs would need 
~5%. The requirement is for a reactor that is unlikely ever to need refuelling for the lifetime of the vessel. 


Power: a submarine nuclear power unit would typically be 150MW, about half that projected for an SMR. 
Access to cooling water, and the siting issue: not concerns for submarines! 


Fuel provisioning and eventual waste reclamation: initially at the vessel manufacturer’s site overseas, thus 
perhaps avoiding Australia’s direct involvement in either enrichment or waste disposal. 


